The anticoagulative principles in Paeoniae Radix, which is one of the most important herbs and is used commonly for the treatment of female diseases in traditional oriental medicine, were investigated. In this study the measurement of plasma recalcification time in mice was found to be useful for following the anticoagulative activity of the material, and the active principles were isolated from the water extract of the herb by a combination of a partition and repeated silica gel column chromatographies.
In the course of our study on the isolation of anticoagulative constituents in herbs used for treatment of Oketsu ("stagnant blood") in traditional Chinese medicine,2) we have so far reported the isolation and identificatiop of several active principles, triolein in Persicae Semen, some curcuminoids in Curcumae Rhizoma, d-catechin in Rhei Rhizoma and paeonol in Moutan Cortex.3) In this paper, we will deal with the isolation and identification of anticoagulative principles in Paeoniae Radix (Paeoniae lactiflora PALL).
Paeoniae Radix is well known as one of the important herbs showing anticoagulant, anodyne and sedative action, and is used frequently treatment of female diseases in traditional oriental medicine.4) Previous studies on the herb have been mostly focused on the chemical components, such as tdrpenoids (e.g., paeoniflorin, benzoylpaeoniflorin, and albiflorin),5) tannin6) and paenol.7) Pharmacological studies on the antiinflammatory effect of the watersoluble part of the 70% MeOH extract of the herb, and on the antiallergic and anti-platelet aggregation effects of paeoniflorin and benzoylpaeoniflorin in vitro8) and so on9) have been reported. However, no detailed study on the anticoagulative principles in the herb has appeared.
We describe here the isolation and identification of anticoagulative principles in Paeoniae Radix. During the isolation process, the anticoagulative activity of the material was determined by means of the plasma recalcification time method reported previously.3) Isolation of the active principles was achieved by a combination of partition and repeated column chromatographies on silica gel. The procedures are summarized in Chart 1.
The active fraction I (ethyl acetate-soluble part of the water extract) was subjected to column chromatography on silica gel with the lower layer of CHCl3-MeOH-H2O (7 : 3: 1) to afford three fractions, namely fractions III, 112 and 113.
The activity emerged in all fractions. In this work, we dealt with the significantly active fractions, Il and 112, which contained the bulk of the activity of fraction I. Column chromatography of active fraction II on silica gel using CHCl3-MeOH as an eluent gave two fractions, III1 and III2. Significant activity was found only in fraction 1112 . Final purifications of active fractions 112 and III2 were achieved by silica gel column chromatographies with CHCl3-MeOH to afford two active compounds, 1 from fraction 112 and 2 from fraction 1112 . As shown in the thin layer chromatograms of each fraction in Fig. 1 , silica gel column chromatography is very effective for purifying the active compounds. Anticoagulative activities of the fractions described above are shown in Chart 1. Work on other active fractions is still in progress.
Compound 1 is one of the major constituents and 2 is a minor principle in Paeoniae Radix. Their spectral data indicated 1 to be paeoniflorin5b,10) and 2 to be 6-0-benzoylpaeoniflorin (benzoylpaeoniflorin).11) The identifications were confirmed by direct comparisons of the spectral data (IR, NMR, UV and MS) with those of the authentic samples of paeoniflorin, obtained from Wako Co., and benzoylpaeoniflorin , prepared from 1 by the known method.") The anticoagulative activities of authentic samples of paeoniflorin and benzoylpaeoniflorin are equal to those of 1 and 2, respectively .
Paeoniflorin and benzoylpaeoniflorin have been isolated from Paeonia lactiflora PALL11) and Paeonia moutan Sims.5a) Pharmacological studies on the antiinflammatory and antiaggregatory effects of these compounds in vitro have been reported .8' 13) They were found to show an inhibitory effect on collagen-, endotoxin-and adenosine diphosphate (ADP)-induced blood platelet coagulation but not on blood aggregation in vitro .13) Further work is necessary to elucidate in detail the mechanism of the anticoagulative effects in vivo , in view of the reported lack of effect on blood coagulation in vitro .
In summary, it is demonstrated that paeoniflorin and benzoylpaeoniflorin have anticoagulative activity in vivo and might play an important role in the antiaggregatory effect of Paeoniae Radix. 
